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Assuming that the recently observed hidden-charm pentaquark state, Pc(4450), is of molecular
nature as predicted in the unitary approach, we propose to study the decay of Ξ−b → J/ψK
−Λ to
search for the strangeness counterpart of the Pc(4450). There are three ingredients in the decay
mechanism: the weak decay mechanism, the hadronization mechanism, and the finite state interac-
tions in the meson-baryon system of strangeness S = −2 and isospin I = 1/2 and of the J/ψΛ. All
these have been tested extensively. As a result, we provide a genuine prediction of the differential
cross section where a strangeness hidden-charm pentaquark state, the counterpart of the Pc(4450),
can be clearly seen. The decay rate is estimated to be of similar magnitude as the Λ0b → J/ψK
−p
observed by the LHCb collaboration.
I. INTRODUCTION
Recently, the LHCb collaboration has reported on the
observation of two hidden-charm pentaquark states in
Λ0b → J/ψK−p decays, the Pc(4380) with a mass of
4380 ± 8 ± 29 MeV and a width of 205 ± 18 ± 86 MeV
and the Pc(4450) with a mass of 4449.8± 1.7± 2.5 MeV
and a width of 39 ± 5 ± 19 MeV [1]. The preferred JP
assignments are of opposite parity. The best fit yields
spin-parity JP values of (3/2−, 5/2+), but other possi-
bilities, either (3/2+, 5/2−) or (5/2+, 3/2−), are also ac-
ceptable. The decay branching ratios Λ0b → P+c K− and
P+c → J/ψp have been measured as well [2]. In the
past decade, many mesonic exotic states have been ob-
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served experimentally and many of them clearly contain
more than the minimum quark content dictated by the
naive quark model, such as the charged Zc(4430) [3–5]
and Zc(3900) [6–9] states. The Pc states are the first ex-
otic states observed in the heavy-flavor baryonic sector.
The observation of the Pc states has aroused a lot of
interest in the theoretical community. They have been
studied in various frameworks, such as the molecular pic-
ture [10–13], the diquark picture [14–18], the QCD sum
rules [19, 20], and the soliton model [21]. On the other
hand, questions have been raised regarding whether the
observed enhancement could be due to kinematical ef-
fects or singularities [22–24]. In a recent publication, it
was suggested that the existence of exotic csc¯u¯ states
can imitate broad bumps in the J/ψp invariant mass
distributions and thus affects the interpretation of the
Pc(4380) [25]. Further discussions on the nature of the
2two Pc states can be found in Refs. [26, 27].
One should note that even before the LHCb announce-
ment, the existence of hidden-charm pentaquark states
have been explored both in the molecular picture [28–32]
and in the quark models [33, 34]). 1 The discovery poten-
tial of such states has been explored in γ [36] and π [37]
induced reactions.
It is clear that at this moment, both the experimen-
tal and theoretical studies are not yet conclusive. Ex-
perimentally, the ambiguities in the spin-parity assign-
ments should be clarified. Theoretically, different inter-
pretations are often not consistent with each other, not
only in terms of the dominant Fock components of these
states but also in terms of the predicted or obtained spin-
parities. The only way to clarify the situation, given the
rather large statistics already achieved by LHCb, is to
study complementary reactions or decay modes where
the Pc states or their counterparts (predicted by various
models) can be observed.
In Refs. [38–40], photoproduction of the Pc states off
a proton target have been studied. In Ref. [41], assum-
ing the Pc states are genuine pentaquark states belong-
ing to either an octet or a decuplet representation, the
decays of Λ0b, Ξ
0
b , and Ξ
−
b into a pentaquark state and
a pseudoscalar meson have been studied. The decays of
b-baryons into a pentaquark state and a pseudoscalar me-
son have also been examined in the diquark model [42].
Experimental studies of either the photoproductions or
the decay modes of b-baryons into all available final states
will definitely help us better understand the nature of the
pentaquark states.
One should note that most theoretical approaches pre-
dicted the existence of the Pc counterparts. In particular,
in the unitary approach of Ref. [29] that in addition to an
isospin 1/2 and strangeness zero state, two more states
are predicted in the isospin zero and strangeness −1 sec-
tor. If the Pc(4450) state corresponds to the non strange
state(s) as shown in Ref. [11], there is good reason to
believe that its strange counterparts exist as well. The
hidden-charm pentaquark states with strangeness can de-
cay into J/ψΛ. Therefore, in the present work, we pro-
pose to study the decay of the Ξ−b state into J/ψK
−Λ.
The mechanism of this reaction resembles that of the
Λ0b → J/ψK−p suggested in Ref. [11], which can nat-
urally explain the LHCb data using the input from the
unitary model of Refs. [29, 31]. The experimental obser-
vation or invalidation of the existence of such a state can
help clarify the nature of the Pc states and improve our
understanding of low-energy strong interactions.
1 For a list of early references on pentaquark states, see, e.g.,
Ref. [35].
II. FORMALISM
In this section, we describe the weak decay process of
Ξ−b → J/ψΛK−. Following the formalism first proposed
in Ref. [43] and also used to study the Λ0b → J/ψK−p
decay [11, 44], we can separate the decay of the Ξ−b into
two steps, weak decay and hadronization, and final state
interactions.
A. Weak decay and hadronization
At the quark level, the decay of Ξ−b → J/ψK−p is
depicted in Fig. 1. The quark content of Ξ−b is bds, and
the d and s quarks are in a state of spin zero. To have the
color degree antisymmetric, the flavor part of the wave
function should be antisymmetric with respect to d and
s. As a result, the Ξ−b wave function can be written as
Ξ−b = |b〉|ds〉 ⇒
1
2
|b〉(|d〉|s〉 − |s〉|d〉) = 1
2
b(ds− sd). (1)
In the second equality, we have adopted a simplified no-
tation for the wave functions. In Fig. 1, the b quark first
decays into a c quark by emitting a W− meson, then
the W− translates into a pair of c¯ and s quarks, which is
Cabibbo favored. The pair of cc¯ hadronizes into the J/ψ,
while the s quark picks up an anti-quark from the vacuum
to form a K¯ meson or an η meson, the spectator pair ds
then hadronizes into a baryon with the remaining quark
from the vacuum. In the following, we have to find out
how the quark combinationsQ = s(u¯u+d¯d+s¯s)12 (ds−sd)
hadronizes into a pair of ground state meson and baryon.
The hadronization into a meson baryon pair can be
achieved by replacing the M = qq¯ matrix in SU(3) flavor
space with its counterpart φ using hadronic degrees of
freedom, namely
M =

uu¯ ud¯ us¯du¯ dd¯ ds¯
su¯ sd¯ ss¯

→ φ =


pi0√
2
+ η√
3
π+ K+
π− − pi0√
2
+ η√
3
K0
K− K¯0 − η√
3

 ,
(2)
where we have used standard η/η′ mixing [45] and have
neglected the η′ because of its heavy mass. With such a
replacement, we obtain
Q =
3∑
i=1
M3iqi
1√
2
(ds− sd) =
3∑
i=1
φ3iqi
1√
2
(ds− sd)
= K−
[
1√
2
u(ds− sd)
]
+ K¯0
[
1√
2
d(ds − sd)
]
− η√
3
[
1√
2
s(ds− sd)
]
. (3)
The combinations of three quarks can be written in terms
of the ground-state baryon wave functions with a bit of
algebra [46]
Q =
√
3
2
K¯Σ|I=1/2 −
√
1
6
K¯Λ−
√
1
3
ηΞ, (4)
3where we have introduced the isospin 1/2 combination
K¯Σ|I=1/2 =
√
2
3 (
1√
2
K−Σ0 + K¯0Σ−), K¯Λ = K−Λ, and
ηΞ = ηΞ−. The process described above corresponds to
the tree-level Feynman diagram of Fig. 2(a).
b
uu¯+ dd¯+ ss¯
W−
s
dd
s s
c c¯
FIG. 1. Weak decay and hadronization mechanism of Ξ−b →
J/ψΛK−.
Other hadronization processes, for instance, that of the
d or s quark of the Ξ−b hardronizing into a meson is pe-
nalized compared to the one described above, because of
the involvement of large momentum transfer [47].
B. Final state interactions
Ξ−b
Ξ−b
J/ψ
Λ
K−
J/ψ
Λ
K−
Ξ−b
J/ψ
Λ
K−
(a) (b)
(c)
FIG. 2. (Color online) Feynman diagrams for Ξ−b → J/ψΛK
−
decay: (a) direct J/ψΛK− vertex at tree level, (b) final state
interaction of K¯Λ, and (c) final state interaction of J/ψΛ.
In addition to the tree level diagram [Fig. 2(a)], we
need to take into account the final state interactions of
these meson-baryon pairs, which are known to be very
strong and are depicted in Fig. 2(b) and (c). The ampli-
tude M(MJ/ψΛ,MK¯Λ) for the transition can be written
as,
M(MJ/ψΛ,MK¯Λ)
= Vp
[
hK¯Λ +
∑
i
hiGi(MK¯Λ) ti,K¯Λ(MK¯Λ)
+ hK¯ΛGJ/ψΛ(MJ/ψΛ) tJ/ψΛ,J/ψΛ(MJ/ψΛ)
]
= Vp
(
hK¯Λ + TK¯Λ + TJ/ψΛ
)
, (5)
where Vp expresses the hadronization strength, and Gi
(the channel indices i = K¯Λ, K¯Σ, ηΞ) denotes the one-
meson-one-baryon loop function, chosen in accordance
with the unitary model for the scattering matrix tij that
will be described in the following subsection. MK¯Λ and
MJ/ψΛ are the invariant masses of the final states K
−Λ
and J/ψΛ, respectively, and hi stands for the weights of
the transition, which are given by Eq. (4),
hK¯Λ = −
√
1
6
, hK¯Σ =
√
3
2
, hηΞ = −
√
1
3
. (6)
Final state interactions between a ground state octet
baryon and a pseudoscalar meson in the strangeness −2
and isospin 1/2 channel has been studied in detail in the
unitary model of Ref. [48]. In this work, a pole is found
on the complex plane and identified as the experimentally
observed Ξ(1620). A subsequent work along the same
lines showed that in addition to the Ξ(1620) state also
the Ξ(1690) was generated [49]. In the present work, we
choose this approach to describe the interactions among
the coupled channels K¯Λ, K¯Σ, and ηΞ.
C. Chiral unitary model for the meson baryon
interaction in S = −2
In the unitary approach of Ref. [48], the transition am-
plitudes are written as
t = [1− V G]−1 V, (7)
where the matrix V is obtained from the lowest order
meson baryon chiral Lagrangian,
Vij(I = 1/2) = −Cij 1
4f2
(2
√
s−Mi −Mj)
×
(
Mi + Ei
2Mi
)1/2(
Mj + Ej
2Mj
)1/2
, (8)
where the magnitudes Ei and Mi are the energy and
mass of the baryon in channel i, and the coefficients Cij
are shown in Table I. The optimal choice for the decay
constant f = 1.123fpi is used, and fpi = 93 MeV [48].
The (diagonal) matrix G in Eq. (5) and Eq. (7) ac-
counts for the loop integral of a meson and a baryon
propagator and depends on the regularization scale, µ,
and a subtraction constant for each channel, al, that
4TABLE I. Coefficients Cij of the meson baryon amplitudes
for isospin I = 1/2 (Cji = Cij) [48].
piΞ K¯Λ K¯Σ ηΞ
piΞ 2 −3/2 −1/2 0
K¯Λ 0 0 −3/2
K¯Σ 2 3/2
ηΞ 0
comes from a subtracted dispersion relation. The ana-
lytical expression of G is given as follows [50],
Gl = i2Ml
∫
d4q
(2π)4
1
(P − q)2 −M2l + iǫ
1
q2 −m2l + iǫ
=
2Ml
16π2
{
al(µ) + ln
M2l
µ2
+
m2l −M2l + s
2s
ln
m2l
M2l
+
+
q¯l√
s
[
ln(s− (M2l −m2l ) + 2q¯l
√
s)
+ ln(s+ (M2l −m2l ) + 2q¯l
√
s)
− ln(−s+ (M2l −m2l ) + 2q¯l
√
s)
− ln(−s− (M2l −m2l ) + 2q¯l
√
s)
]}
,(9)
where Ml and ml are the masses of baryon and meson
in the l-th channel, and the regularization scale µ = 630
MeV [50] and the subtraction constant al = −2.02 are
used for πΞ, K¯Λ, K¯Σ, and ηΞ channels. For the J/ψΛ
channel, we take µ = 1000 MeV and al = −2.3 [29].
Assuming the existence of the strangeness counterpart
of the Pc(4450) as shown in Refs. [28, 29] and following
the approach proposed in Ref. [11] to describe the LHCb
data, we can parameterize the transition matrix element
for J/ψΛ in Eq. (5) as
tJ/ψΛ,J/ψΛ =
g2J/ψΛ
MJ/ψΛ −MR + iΓR2
. (10)
In Refs. [28, 29], two states are found in the strangeness
−1 and isospin 0 channel with the following pole posi-
tions
√
s = 4368 − 2.8i and √s = 4547 − 6.4i. These
numbers are obtained without any fine tuning. If now
we assume that one of these states corresponds to the
strange counterpart of the Pc(4450) and use the exper-
imental measurement of its mass as a reference, we can
imagine that the counterpart of the Pc(4450), Pcs, should
appear at MPc(4450)+∆M , where ∆M can be estimated
2 We have checked that Set 5 (apiΞ = −3.1, aK¯Λ = −1, aK¯Σ = −2
and aηΞ = −2) in Table 2 of Ref. [48] gives similar results as our
choice.
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FIG. 3. (Color online) Absolute value of tpiΞ,piΞ, tK¯Λ,K¯Λ,
tK¯Σ,K¯Σ, and tηΞ,ηΞ as a function of the invariant mass of piΞ,
K¯Λ , K¯Σ, ηΞ system: (a) al = −2 for the channels of piΞ, K¯Λ,
K¯Σ, and ηΞ, and (b) the same as (a) but with apiΞ = −3.1
and aK¯Λ = −1. The insets show the magnified piΞ→ piΞ and
K¯Λ→ K¯Λ amplitudes.
using either the ΛN or ΣN mass difference, which are
175 and 257 MeV, respectively. As an rough estimate,
one can take ∆M = 200 MeV and obtain MR = 4650
MeV. As for ΓR, it should be of order 10 MeV [28, 29],
and therefore we take ΓR = 10 MeV. For the coupling
gJ/ψΛ, we use a value of 0.5 ∼ 0.6, as given in Ref. [29].
Finally, the invariant mass distribution of the process
Ξ−b → J/ψΛK− reads
dΓ
dM2J/ψΛdM
2
K¯Λ
=
1
(2π)3
4MΞbMΛ
32M3Ξb
∣∣M(MJ/ψΛ,MK¯Λ)∣∣2 ,
(11)
whereMJ/ψΛ andMK¯Λ are the invariant masses of J/ψΛ
and K¯Λ. For a given value of MJ/ψΛ, the range of M
2
K¯Λ
5is defined as,
(M2K¯Λ)max=
(
E∗Λ + E
∗
K¯
)2
−
(√
E∗2Λ −M2Λ −
√
E∗2
K¯
−m2
K¯
)2
,
(M2K¯Λ)min=
(
E∗Λ + E
∗
K¯
)2
−
(√
E∗2Λ −M2Λ +
√
E∗2
K¯
−m2
K¯
)2
,
(12)
where E∗Λ = (M
2
J/ψΛ −m2J/ψ +M2Λ)/2MJ/ψΛ and E∗K¯ =
(M2Ξb −M2J/ψΛ−m2K¯)/2MJ/ψΛ are the energies of Λ and
K¯ in the J/ψΛ rest frame. Similar formulas are obtained
for the range of M2J/ψΛ when we fix MK¯Λ.
III. RESULTS AND DISCUSSION
In this section, we present our results for the process
Ξ−b → J/ψΛK−. First, we show the absolute value of
the transition amplitudes |t| for the πΞ, K¯Λ, K¯Σ , and
ηΞ in I = 1/2 and S = −2 in Fig. 3(a). We also show the
corresponding results with apiΞ = −3.1 and aK¯Λ = −1 in
Fig. 3(b). The results for both choices look very similar.
The Ξ(1620) can be clearly seen in the πΞ invariant mass
distributions, and K¯Λ distributions in Fig. 3(b), but not
so prominently in Fig. 3(a). As a result, we anticipate
that an experimental study of the Ξ−b → J/ψK−Λ can
yield valuable information on the poorly known Ξ(1620)
as well.
Next, we predict the J/ψΛ invariant mass distribu-
tion for the Ξb → J/ψΛK¯ decay in Fig. 4, up to an
arbitrary normalization (Vp = 1). The red solid line
shows the result without the J/ψΛ interaction [only the
term hK¯Λ+ TK¯Λ of Eq. (5)], and the blue dashed-dotted
line stands for the result of our full model. We observe
a prominent structure around 4650 MeV on top of the
background when the J/ψΛ interaction is taken into ac-
count. A variation of MR shifts the peak position ac-
cordingly, but a clear signal can still be observed. Fur-
thermore, as long as the width is smaller than 100 MeV,
experimental observation should not be too difficult. We
stress however that the strength of the signal will depend
strongly on the coupling of the hidden charm state to the
J/ψΛ, i.e., gJ/ψΛ. A much smaller value of the coupling
will diminish the signal as naively expected. Therefore,
indeed an experimental study of the decay mode we pro-
pose can help to verify or disprove the unitary approach
for this particular case.
In Fig. 5, we show the invariant mass distribution of
the Ξ−b decay as a function of the K¯Λ invariant mass.
It is seen that the J/ψΛ final state interaction does not
affect much the predicted shape. However, the two cusps
reflecting the K¯Σ and ηΞ thresholds can be easily rec-
ognized. The strong enhancement around MK¯Λ ≈ 1.7
GeV can be identified with the Ξ(1690) as in Ref. [49].
Depending on the particular parameter set for the K¯Λ
interaction, the Ξ(1620) is also visible.
It is to be noted that the decay mechanism of the
present process is the same as that of the Λ0b →
J/ψK−p [11]. In both decays, the involved CKM matrix
element is the product of VcsVcb. Therefore, as a crude
estimate, we would like to guess that the decay rate of
the Ξ−b → J/ψK−Λ is of the same order of magnitude as
that of Λ0b → J/ψK−Λ, neglecting the difference in phase
space and final state interactions. This is somehow con-
sistent with the study of Ref. [41], where it is found that
Γ(Ξ−b → PΛK−)/Γ(Λ0b → PpK−) = 0.408(0.343), where
Pp/Λ denotes a pentaquark state having the same light
quark composition as that of the proton or Λ, while the
first number is for spin 3/2 and that in the parenthesis
for spin 5/2. Therefore, both studies show that the de-
cay mode proposed in the present work should and can
be studied at LHCb.
IV. SUMMARY
We have proposed to study the Ξ−b → J/ψK−Λ de-
cay to measure a hidden-charm pentaquark state with
strangeness, predicted to exist in the unitary approach.
This model has predicted the existence of two non-
strange hidden-charm pentaquark states in the energy
region where the Pc(4450) has been seen. The decay
mechanism we employed has been previously adopted to
successfully describe the LHCb Λ0b → J/ψK−p invariant
mass distributions. Our study showed that the strange
hidden-charm pentaquark state can be clearly seen on
top of the background. Given the fact that both the uni-
tary model and the reaction mechanism have been tested
in describing the LHCb Λ0b decay, we strongly encourage
our experimental colleagues to study the Ξ−b → J/ψK−Λ
decay proposed here, which can be very helpful to test
the existence of the pentaquark states and their nature.
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